Objective: To compare the dietary intakes of free-living people with and without previously diagnosed diet-modifiable cardiovascular risk factors (hypertension, hypercholesterolaemia and diabetes). Design: Cross-sectional survey on cardiovascular risk factors including a three-consecutive-day food record. Setting: Multicentre setting in Lille (northern France), Strasbourg (north-east) and Toulouse (south-west) areas. Subjects: A total of 1072 middle-aged men randomly selected from the general population: group 1 (504 men without previously diagnosed diet-modifiable risk factor), group 2 (377 men with one previously diagnosed diet-modifiable risk factor) and group 3 (191 men with two or three previously diagnosed diet-modifiable risk factors). Interventions: None. Results: Total daily energy intake equalled 10731 kJ/day (standard error: 119), 9991 (138) and 9737 (166) in groups 1, 2 and 3, respectively (Po0.0001 for ANOVA comparing the three groups), and daily energy intake without alcohol equalled 9860 (115), 9096 (132) and 8654 (159) kJ/day (Po0.0001). The proportion of calories from animal proteins (in daily energy intake without alcohol) increased from group 1 to 3 (Po0.0001), whereas the proportion from oligosaccharides decreased (Po0.0001). The proportion of calories from alcohol (in total daily energy intake) increased with the number of risk factors (Po0.0001). These results remained significant after adjustment for confounders. No significant group differences were found in the proportions of energy from polysaccharides, saturated, monounsaturated and polyunsaturated fats. Conclusions: As compared with subjects without risk factor, significant quantitative and qualitative changes are observed in individuals with diagnosed hypertension, hypercholesterolaemia or diabetes. However, lower consumptions of saturated fats and alcohol are needed.
Introduction
Diet therapy is widely recommended by European (Wood et al, 1998) and American (Krauss et al, 2000) guidelines as first-line cardiovascular prevention, since evidence has accumulated that healthy dietary patterns are associated with a reduced risk of cardiovascular diseases (Keys, 1980; Burr et al, 1989; Ornish et al, 1990; Singh et al, 1992; Ness & Powles, 1997; Ascherio et al, 1999; De Lorgeril et al, 1999; Joshipura et al, 1999) . As defined by the European Society of Cardiology, a healthy diet should be reduced in cholesterol and saturated fats, and saturated fatty acids should be replaced in part with monounsaturated and polyunsaturated fatty acids, as well as with complex carbohydrates (Wood et al, 1998) . However, dietary counselling given by physicians to high-risk patients has to be adapted to individual risk factors, promoting, when necessary, weight reduction, lowering blood pressure and blood cholesterol, and control of blood glucose. Despite evidence that dietary therapy is effective in cardiovascular risk reduction, the set-up and maintenance of dietary changes are often difficult. Few studies have already described dietary habits in free-living populations with established cardiovascular risk factors. Recent data from North American free-living people have suggested that adults who have been diagnosed with hypertension, dyslipidaemia, diabetes mellitus or cardiovascular disease are motivated to follow dietary recommendations, but most of them are still overweight or obese and consume a diet high in fat and low in fruit and vegetables (Neuhouser et al, 2002) . Since dietary habits vary a lot between countries and similar data are lacking in France, we described and compared, in a French sample of free-living men, qualitative and quantitative food intakes in subjects with and without previously diagnosed diet-modifiable cardiovascular risk factors.
Methods

Population sampling
A cross-sectional survey on cardiovascular risk factors and nutrition was carried out in 1995-1997 by the three French MONICA Centres (MONItoring of trends and determinants in CArdiovascular disease) (Kuulasmaa et al, 2000) . A sample of 1072 middle-aged men (45-64 years), living in Lille (Northern France), Strasbourg (North-eastern France) or Toulouse (South-western France) areas, was randomly recruited (Perrin et al, 2002; Ruidavets et al, 2002) . Polling lists (nominal lists for French inhabitants aged over 18 y) available in each town hall of the survey areas were used for sampling in order to carry out a random selection of the general population. Participants were volunteers and received no compensation. The response rate reached 60% of the contacted people. The study protocol was approved by an institutional review committee in agreement with the French Law on Human Biomedical Research. The informed consent to participate in the study was obtained from each subject.
Collected data
Extensive questionnaires were completed by the participants with the help of a trained and certified medical staff to collect data on age, socioeconomic status, previous medical history, drug intake, cardiovascular risk factors and way of life habits. Education level was assessed by a report of completed years of schooling (from the beginning of the primary school until graduation or school dropout). Four levels of leisure time physical activity were defined: no regular physical activity, light physical activity (ie almost every week), moderate physical activity (ie 20 min at least, once or twice a week) and high physical activity (ie 20 min at least, three times a week or more). The following question was used to identify participants with previously diagnosed diet-modifiable cardiovascular risk factors: 'Has a physician or a health professional ever told you that you had too high blood pressure, too high blood cholesterol or that you were diabetic?'. More than one response was permitted. Subjects who answered positively to one of these items had to mention whether they were currently on a specific diet for hypertension, hypercholesterolaemia or diabetes. Since extensive questionnaires were completed, a standardized examination was performed by the medical staff to collect anthropometrical data: height, weight and body mass index (calculated by dividing weight by height squared).
Assessment of dietary intakes
Food and alcohol intakes were assessed using a food-record method (Evans et al, 1995) . Participants were given oral and written instructions by the medical staff on how to keep a three-consecutive day-food record. They had to mention in a day-food diary all the food and beverages (types and amounts) they consumed throughout three consecutive days in the week following the exam (2 week days and 1 week-end day). A few days (from two to four) after the record completion, each participant was interviewed at home by a certified dietitian, in the presence of the person who prepared the meals. The contents of household measures were evaluated by the dietitian with a measuring glass. Food estimates were facilitated by the use of photographs showing portion sizes and their respective weight. Recorded data were carefully checked by the dietitian who, in order to avoid forgotten or misreported data, submitted a list of various food categories to the participants to check the reliability of the data. For meals that were not taken at home (in restaurants, canteens, y), the cook was contacted and the composition of the dishes and their respective portion size were recorded.
Food data were translated into nutrient values using Renaud's and Regal food composition tables (Renaud & Attier, 1986; Favier et al, 1997) . Consumption of total proteins, fats and carbohydrates was subclassified, respectively, as consumption of animal and vegetable proteins, saturated, monounsaturated and polyunsaturated fats, and oligosaccharides (ie mono-and disaccharides) and polysaccharides (other saccharides). For each participant, the mean total daily energy intake, mean daily energy intake without alcohol, mean daily macronutrient and alcohol intakes, mean proportions of energy supplied by proteins, fats and carbohydrates in daily energy intake without alcohol, and mean proportion of energy supplied by alcohol in total daily energy intake were estimated by calculating the average of the 3 days. The validity of energy-intake records was assessed by calculating, for each subject, the ratio between the recorded total daily energy intake and the estimated basal metabolic rate Goldberg et al, 1991) . The
Nutritional intakes of subjects with and without risk factors V Bongard et al basal metabolic rate was estimated according to Schofield's equations based on body weight, age and gender (Schofield, 1985) . All analyses were performed both on the whole sample, and after exclusion of the subjects with a ratio below 1.05.
Distribution of the subjects according to their dietmodifiable cardiovascular risk factors For the analyses, three groups of subjects were set up. Group 1 was composed of 504 men without previously diagnosed diet-modifiable cardiovascular risk factor, group 2 included 377 men with one previously diagnosed diet-modifiable cardiovascular risk factor and group 3 was composed of 191 men with two or three previously diagnosed diet-modifiable cardiovascular risk factors. Since we were interested in dietary practices of subjects with risk factors known to respond favourably to nutrition therapy (hypertension, hypercholesterolaemia and diabetes), we did not consider smoking as a cardiovascular risk factor in this analysis.
Statistical analysis
Statistical analysis was performed using the SAS statistical software, release 8.2. (SAS Institute Inc., Cary, NC, USA). In bivariate analysis, w 2 test was used to compare the distribution of qualitative variables between the three groups (FREQ procedure), and means of quantitative variables were compared by one-way analysis of variance (ANOVA procedure). Analysis of covariance (GLM procedure) was used to study the adjusted group differences in mean daily consumptions of macronutrients and alcohol, mean daily energy intakes and in the mean proportions of energy supplied by macronutrients and alcohol in daily energy intakes. The models were systematically adjusted for living area, age, education level, body mass index, smoking status, physical activity and the season during which the dietary record had been performed (March-May; June-August; September-November or December-February). An additional adjustment for daily energy intake was performed for the analyses of covariance studying group differences in the mean daily consumptions of macronutrients and alcohol. When multiple t-tests were performed for pairwise comparisons between groups, a Tukey adjustment was used to protect against inflation of type I error rate.
Results Table 1 shows the major characteristics of the three groups of subjects. Age and body mass index increased from group 1 to 3 (Po0.0001), whereas level of education decreased with the number of risk factors (Po0.05). Subjects engaged in moderate to high physical activity were fewer in groups 2 and 3 than in group 1 (P¼0.05). The proportions of participants following a specific diet for hypertension, Nutritional intakes of subjects with and without risk factors V Bongard et al hypercholesterolaemia or diabetes were, respectively, 32.9 and 59.2 % in groups 2 and 3 (Po0.0001). Both daily energy intake with and without alcohol significantly decreased from group 1 to group 3 ( Table 2) . As compared with group 1, subjects with previously diagnosed cardiovascular risk factors declared a significantly lower daily consumption of total proteins, carbohydrates and fats, but a higher consumption of alcohol. No significant difference was observed in fibre intake. After adjustment for daily energy intake without alcohol, group differences in the consumption of polysaccharides, cholesterol and saturated and polyunsaturated fats disappeared. The adjusted mean consumption of total proteins significantly increased with the number of risk factors. Table 3 describes the mean proportions of daily energy intake supplied by the various macronutrients and by alcohol. When considering daily energy intake without alcohol, the mean proportion of energy from oligosaccharides decreased from group 1 to 3 (Po0.0001), whereas the mean proportion supplied by total proteins increased with the number of cardiovascular risk factors (Po0.0001). This increase was due to a higher proportion of energy from animal proteins in subjects with risk factors, whereas the proportion from vegetable protein sources did not significantly differ between the three groups. Differences in the consumption of oligosaccharides and animal proteins remained significant after adjustment for confounders (living area, age, education level, body mass index, smoking, physical activity and season of the dietary record). No significant difference was found between the three groups in the proportion of energy supplied by polysaccharides. The proportion from total fats was higher than 40% of daily energy intake without alcohol in the three groups and increased with the number of risk factors (unadjusted P¼0.06, adjusted Po0.05). However, no significant group differences were observed in the mean proportions of energy supplied by saturated, monounsaturated and polyunsaturated fats. When considering the total daily energy intake, the mean proportion of calories from alcohol was all the higher as the number of risk factors was elevated (unadjusted Po0.0001, adjusted Po0.01). Although the proportion of subjects with a low energy intake record (ratio between their recorded total daily energy intake and their estimated basal metabolic rate below 1.05) increased from group 1 to 3 (9.3, 16.4 and 18.8% for groups 1, 2 and 3, respectively, Po0.001 for w 2 test), the exclusion of these subjects did not significantly affect any of the results. In Table 4 , pairwise comparisons were performed between subjects without risk factor (group 1), subjects with risk factors not following a diet for hypertension, hypercholesterolaemia or diabetes (nondieters from groups 2 and 3), and subjects with risk factors following a diet for hypertension, hypercholesterolaemia or diabetes (dieters from groups 2 and 3). Both dieters and nondieters from groups 2 and 3 declared a significantly lower daily energy intake without alcohol than subjects without risk factor. The proportion of energy supplied by alcohol in total daily energy intake was significantly higher in nondieters as compared with dieters and with subjects from group 1, whereas no significant difference was found between subjects with risk factors who followed a diet and subjects without risk factor. Dieters from groups 2 and 3 declared a significantly lower proportion of energy from oligosaccharides (adjusted Po0.0001) and a higher proportion from animal proteins (adjusted Po0.0001) than subjects without risk factor. These differences were smaller between dieters and nondieters (adjusted P¼0.07 for the proportion supplied by oligosaccharides and adjusted P¼0.11 for the proportion supplied by animal proteins). No significant difference was observed between dieters and nondieters for the proportions of energy supplied by polysaccharides and saturated, monounsaturated and polyunsaturated fats, and for daily cholesterol and fibre intakes (however, there was a trend for a higher proportion of polyunsaturated fats and a higher fibre intake in dieters as compared with nondieters).
Discussion
A good knowledge of dietary patterns is necessary to improve diet counselling provided to high-risk individuals. This study provides important data on quantitative and qualitative dietary habits of free-living people who have been diagnosed with diet-responsive cardiovascular risk factors. We showed that men with risk factors had a lower daily energy intake with a higher proportion of energy supplied by animal proteins and alcohol, and a lower proportion from oligosaccharides than individuals without risk factor, whereas the proportion from polysaccharides and from saturated, monounsaturated and polyunsaturated fats did not differ between subjects with and without risk factors. Differences in dietary habits between individuals following and those not following a diet for hypertension hypercholesterolaemia or diabetes were mainly observed for alcohol consumption: the increased alcohol intake in subjects with risk factors was not seen in dieters.
The accuracy of food-intake assessment is crucial in dietary studies. We used a three-consecutive day-food record since this method minimizes memory bias as compared with retrospective reports. However, it also shows limitations. First, subjects may change their dietary patterns during the threeday record, thus leading to over-or underestimate the intake of specific macronutrients. Second, the food record might be biased by the consumption of 'leftover food' from one day to another. At last, a three-consecutive day-food record cannot distinguish seasonal differences in food intake and cannot fully reflect the different dietary habits between week and week-end days. To take into account these latter points, we Results are expressed as unadjusted means (standard error). Group 1: subjects without previously diagnosed diet-modifiable cardiovascular risk factor; Group 2: subjects with one previously diagnosed diet-modifiable cardiovascular risk factor; Group 3: subjects with two or three previously diagnosed dietmodifiable cardiovascular risk factors. P 1 : unadjusted P-value from one-way analysis of variance (proc GLM); P 2 : adjusted P-value from analysis of covariance (proc GLM) (adjustment for living area, age, education level, body mass index, smoking, physical activity, and season of the dietary record).
Nutritional intakes of subjects with and without risk factors V Bongard et al adjusted all analyses for the season during which the record had been performed, and we asked all subjects to record their dietary intakes during 1 week-end and 2 week days.
In the presence of cardiovascular risk factors, one of the first necessary preventive measures is to reduce calorie intake in overweight individuals and to encourage them to practise regular physical activity in an attempt to help them to lose weight. Indeed, obesity promotes raised blood pressure, atherogenic lipid profiles, impairment of blood glucose control and development of coronary heart disease (National Task Force on the prevention and treatment of obesity, 2000; Rao et al, 2001) . Furthermore, recent epidemiological data have clearly demonstrated that obesity lessens life expectancy markedly (Fontaine et al, 2003) . In the present study, participants with risk factors were overweight but apparently tried to lose weight since they declared a lower daily calorie intake than participants without risk factor. In the study, physical activity was insufficient in all groups, especially in those with risk factors, despite higher body mass indexes (only 34.5, 33.7 and 28.8% of the subjects from groups 1, 2 and 3, respectively, engaged in physical activity at least once a week). Promoting physical activity in individuals with risk factors may help them to reduce weight, but it may also help to prevent the occurrence of coronary heart disease (Berlin & Colditz, 1990) . Thus, counselling given to overweight people with risk factors should, of course, insist on calorie-intake reduction, but also on regular physical activity practice. The interpretation of the results on alcohol consumption is rather difficult because of the relationships existing between alcohol use, hypertension and coronary heart disease. On the one hand, moderate alcohol intake (10-30 g of ethanol per day for men, ie one to three glasses) has been inversely related to coronary heart disease morbidity and mortality (Rimm et al, 1996; Rimm, 2000) . On the other hand, there is evidence that alcohol intake is associated with high prevalence of hypertension and raised blood pressure (Klatsky, 1996; Marques-Vidal et al, 2001) , and that a decrease in alcohol consumption can lower blood pressure of hypertensive patients, at least among heavy drinkers (Puddey et al, 1987; Cushman et al, 1998) . In our study, levels of alcohol consumption among drinkers were relatively high, ranging from 31 g/day in group 1 to 38 g/day in group 3. The increased alcohol intake in subjects with risk factors was due to an increased consumption among nondieters, whereas alcohol use in individuals with risk factors following a diet did not significantly differ from alcohol use in subjects without risk factor. The reduction of alcohol consumption seemed to be the main target of subjects with cardiovascular risk factors on a diet. However, in participants with hypertension, that is to say in those who were the most susceptible to benefit from alcohol reduction, the mean proportion of total daily energy intake supplied by alcohol was significantly higher than in subjects without risk factor (data not shown). Thus, there is evidence that alcohol consumption should be reduced in this sample of French free-living men, at least among hypertensive subjects.
The qualitative composition of dietary intakes is of prime importance in subjects with cardiovascular risk factors. Recommendations from the European Society of Cardiology state that cholesterol intake should be lower to less than 300 mg/day, saturated fats to less than 10% of daily energy intake, and that saturated fatty acids should be replaced with monounsaturated and polyunsaturated fats from vegetable and marine sources, and with complex carbohydrates from fresh fruits, cereals and vegetables (Wood et al, 1998) . Indeed, it has been shown that saturated fatty acid intake is the major dietary determinant of plasma LDL cholesterol and that dietary polyunsaturated fatty acids decrease LDLcholesterol levels (Hegsted et al, 1993) . Fibre intake may also help to reduce LDL cholesterol (Brown et al, 1999) . In addition, diets with low cereal fibre content as well as diets rich in carbohydrates with high glycaemic index increase the risk of type II diabetes as shown in two cohorts of American men and women (Salmeron et al, 1997a, b) . In these two studies, glycaemic index was positively, and cereal fibre intake inversely, associated with the risk of type II diabetes occurrence. The role of dietary proteins in cardiovascular risk is dependent on protein sources. Foods from animal protein sources are generally high in fats, particularly in saturated fats and cholesterol. However, there is growing evidence that proteins from vegetable sources such as soy proteins could be beneficial on LDL-cholesterol levels. Consumption of soy proteins in place of animal proteins can significantly lower plasma LDL cholesterol and triglycerides without affecting HDL cholesterol (Anderson et al, 1995) . Results from randomized controlled trials have shown that 20-50 g of soy proteins daily may significantly reduce LDL cholesterol in mildly hypercholesterolaemic individuals (Baum et al, 1998; Crouse et al, 1999; Teixeira et al, 2000) .
In our study, dietary cholesterol intakes and proportions of energy from saturated fats greatly exceeded the recommended values both in subjects with and without risk factors, thus promoting the increase in low-density lipoprotein cholesterol levels (Clarke et al, 1997) . The consumption of proteins was higher in subjects with risk factors because of an increased intake of animal proteins which are also sources of saturated fats. Furthermore, no significant differences were observed in the proportions of energy from polysaccharides, saturated, monounsaturated and polyunsaturated fats between subjects with and without risk factors. Thus, despite a reduction in oligosaccharide intake, subjects with risk factors did not closely follow dietary recommendations. This may be due either to an insufficient knowledge of healthy dietary habits or to difficulties to modify dietary patterns, since such modifications may also alter social habits. This latter point may play an even greater role in alcohol consumption than in fat, protein or carbohydrate intake. Our data point out the fact that dietary counselling given to individuals who have been diagnosed with cardiovascular risk factors must insist more on the reduction of cholesterol and saturated fat intakes and on their replacement with other macronutrients. Although an improvement has been observed over the past few decades, consumption of saturated fatty acids is still much too high in Western countries (Arnett et al, 2000; Neuhouser et al, 2002; Perrin et al, 2002) . Our data also underline the need for studies helping to better understand the reasons preventing dietary changes in subjects with cardiovascular risk factors.
In conclusion, this study gives information on the extent to which free-living people with diagnosed cardiovascular risk factors follow healthy dietary habits. This is of prime importance to adapt diet counselling provided by health professionals and to correct potential poor healthy dietary patterns. The data point out that individuals with diagnosed risk factors probably try to modify their dietary habits by lowering calorie and oligosaccharide intakes. However, these changes are insufficient and diet counselling given to these patients should insist more on a lower cholesterol intake, on the replacement of saturated fats with polyunsaturated fatty acids and polysaccharides, and on a lower consumption of alcohol in hypertensive subjects. Furthermore, counselling should also promote exercise, since our data indicate an insufficiently regular physical activity both in subjects with and without diagnosed cardiovascular risk factors. At last, a better knowledge of the reasons preventing people from engaging in healthy lifestyle patterns seems necessary.
